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Two IMPORTANT DEFINITIONS should be made
before discussing the more common acquired bac-
terial and viral infections of very early infancy.
Perinatal infections may be characterized by their
appearance within the first few days after birth
or the first two weeks of life. Although perhaps
an arbitrary exercise in semantics, neonatal infec-
tions may be defined as infections which occur
later, between three and six weeks of age. This
paper will discuss the significance of the separa-
tion of infections of very early infancy into these
two categories and the importance of this separa-
tion from a conceptual viewpoint. Infections,
which (by strict definition of the word congenital)
are acquired transplacentally during embryonic
and fetal life, will not be discussed.

Clinical Manifestations
The clinical signs of perinatal and neonatal in-

fections are similar and uniquely vague, particu-
larly if the later infection occurs in a premature
infant. The physiologic fragility of thermal regula-
tion in the newborn, most notably premature in-
fants, conditions the occasional appearance of
hypothermia-rather than fever-with sepsis.
Unexplained apnea may be the only signal of in-
fection, as was witnessed in two recent outbreaks
of nosocomial neonatal echovirus infection which
occurred in infant special care units." 2 The cere-
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bropathic element of perinatal and neonatal in-
fections may be discerned by subtle motor lapses
rather than overt tonic-clonic convulsive episodes.
Idiopathic hyperbilirubinemia of the indirect un-
conjugated type may indicate early perinatal in-
fection, and because of concomitant cholestatic
hepatitis late neonatal infection, particularly of
the urinary tract, may be associated with elevation
of direct-reacting conjugated bilirubin in the
serum.3'4 Early infections seem to impair hepato-
cytic conjugating functions, while late infections
disrupt canalicular secretory processes and may
be confused with biliary atresia or neonatal hepa-
titis. It is difficult to emphasize adequately the
subtlety of failure-to-thrive in a septic infant, the
importance of detecting this early sign of abnor-
mality and the incalculable value of experienced
nursing personnel who are ordinarily the first to
sense minor alterations of infant behavior (for
instance, poor suck, more voluminous regurgita-
tion, respiratory irregularity, looser stools, tran-
sient cyanosis and hypoactivit>). Physical findings
of bacteremia are few, and even during late infec-
tion-when meningitis may also accompany sys-
temic infection-one may not be able to elicit
signs of meningeal irritation.

Incidence
Infection occurs in two peaks, the early peri-

natal infection and the late neonatal infection, as
defined above. The overall incidence of sepsis
during early infancy ranges from 1 in 500 to 1 in
1,600 live births.)'; In our experience7 the num-
ber of perinatal infections is almost twice that of
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neonatal infection and the analysis of bacterial
meningitis in the Collaborative Perinatal Research
Study supports this observation.6

The risk of developing significant perinatal bac-
terial infection is increased ten times if prolonged
rupture of amnionic membranes (beyond 12 to
24 hours) has occurred, and increased 100 times
if febrile amnionitis has complicated prolonged
membrane rupture.8 In the event of prolonged
membrane rupture and the intensified danger of
maternal amnionitis, identification of the pathogen
and the infant at risk may be pursued by culture
of the vagina and cord blood, and of the gastric
contents, axilla and umbilicus of the suspect in-
fant. Hosmer and Sprunt9 have pointed out the
problems of getting significant clinical and mi-
crobial data by these techniques and stress the
importance of duplicate blood cultures of the in-
fant from different sites. If the same organism is
recovered from most of these culture sites, cer-
tainly from blood, a presumptive diagnosis of
high risk latent infection might be made and
precise antimicrobial therapy begun.

Scanlon'0 has recently reported that with a
Gram smear of the auditory canal, a truly in-
fected infant-born of a mother with ruptured and
possibly infected membranes-may be identified
simply by searching for three or more polymorpho-
nuclear leukocytes per high power field. A lumbar
puncture should be included when considering in-
fection in a very young infant, since in 30 to 50
percent of these infants meningitis is present or
meningitis in addition to bacteremia.5 When the
puerperium is complicated by prolonged mem-
brane disruption and maternal amnionitis, an in-
fant should also be evaluated with lumbar punc-
ture-particularly those infants with minimal
symptoms, and perhaps even those without symp-
toms because the risk of their acquisition of in-
fection- may be as high as 10 percent.8

In approximately 1 percent of newborn infants,
cytomegalovirus is excreted in urine." This aston-
ishingly high incidence of infection seems to be
related to the shedding of this virus in the cervical
secretions of 10 to 20 percent of women during
the final trimester of pregnancy.'2-'4 The greater
incidence of cervical shedding of cytomegalovirus
during the later stages of gestation may reflect the
cumulative effect of pregnancy on reactivation of
virus replication from latent sites of repose in
genital tissues. In about I to 5 percent of non-
pregnant women, cytomegalovirus is shed from
the cervix. " Fortunately, this rather common peri-

natal virus infection is usually subclinical and
associated with a generally favorable outcome
during the ensuing years of childhood.16"17

Perinatal herpes simplex virus infection is esti-
mated to occur in one of 7,000 births.18 Since the
type 2 genital strain of herpes simplex virus, which
is the predominant species in these early perinatal
infections, may be transmitted by the venereal
mode, the incidence of this serious illness has
probably risen over the past few years. As is true
for maternal cytomegalovirus infections, herpes
simplex virus type 2 can be isolated from the
genital lesions and secretions of less than 1 per-
cent of nongravid women but rises to a shed rate
of I to 3 percent in pregnant women at term.19
The speculation that pregnancy alters the relation-
ship between the latent state and reactivation of
virus is an attractive consideration for this virus
also.

Approximately 70 percent of newborn infants
with herpes simplex virus infection die, and the
prognosis for normal cerebral function of sur-
vivors is poor. Effective antiviral drugs may ulti-
mately modify these discouraging facts. On the
other hand, specific antibiotic therapy has reduced
the once awesome mortality of perinatal and
neonatal bacterial infection from 90 percent to
between 13 and 45 percent.5 Unfortunately, the
morbidity of bacterial infection persists and cir-
cumscribes varied neurologic problems, primarily
seizures, hydrocephalus, mental retardation and
learning disorders. The frequency of these overt
and subtle neurologic sequelae reflects the species
of bacterial pathogen and may be as high as 90
percent following Gram-negative bacterial infec-
tion and 50 percent following Gram-positive in-
fection.20

Cause of Infection

Perinatal infections arise from contact with
potential pathogens in the cervicovaginal canal.
This may be illustrated by the striking occurrence
of the initial cutaneous lesion of herpes simplex
virus infection on the vertex of the scalp in many
of the infants we have seen. It is as if a natural
vaccination occurred as the presenting part was
compressed by the cervical os and then the vaginal
vault during the first and second stage of labor.
Unfortunately, the virus involved is not an atten-
uated strain. Although it is difficult to prove, on
rare occasions perinatal bacterial and viral infec-
tions may result from transcervical and transam-
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nionic spread of pathogens despite the integrity of
amnionic membranes.

Neonatal infections arise from the environment
of care-most notably from isolettes, respirators,
umbilical catheters, other infants and occasionally
hospital personnel. All of these environmental
elements are intensified if a major surgical pro-
cedure is carried out in a young infant. Fifty per-
cent of umbilical arterial and venous catheter tips
left in situ for several days yield bacteria, largely
staphylococcal and pseudomonas organisms, when
they are withdrawn and cultured.21'22 About 10
percent of infants whose umbilical catheters have
become pyogenic foci fail to clear the bacteria
and develop significant bacteremia. A further
alarming example of nosocomial infectious prob-
lems within neonatal intensive care units has been
the recent observation of serious outbreaks of
infection with kanamycin-resistant Klebsiella
species.23-2-5 The reservoir of infection in these out-
breaks has been the infants themselves and nurs-
ing personnel have played an enhancing role by
presumed and occasionally verified manual trans-
mission of the pathogen.

The neonatal intensive care unit is a particu-
larly provocative setting for the evolution of later
neonatal bacterial infections. A varied assortment
of infants with serious medical and surgical prob-
lems reside in these units for extended periods of
time. There is widespread use of isolettes, respi-
rators and vascular catheterization for monitoring
and therapeutic purposes. The uniform and usu-
ally appropriate use of antibiotics within special
care units represents a potentially powerful force
for selection of resistant pathogens. The recent
outbreaks of antibiotic-resistant Gram-negative
bacillary infection are not surprising. In addition
to the vigorous and continued cleansing of iso-
lettes and the tubing and nebulizing components
of respirators, and the substitution of peripheral
needles for central catheters in the implementation
of fluid and metabolic therapy, it may become
necessary to restrict antimicrobial therapy more
rigidly only to those infants in whom there is
documented bacterial infection. Since the patterns
of admission to intensive care units ordinarily pre-
clude strict adherence to a cohort system of infant
location within the unit, the cohort deployment of
nursing personnel may prove to be a necessary
adjustment to prevent and contain serious noso-
comial infection.
An interesting example of nosocomial neonatal

bacterial illness where nursing personnel may

have played a major role is the emergence of
exfoliative toxin-producing Staphylococcus aureus
infection.26 The phage type 71 straphylococcal in-
fection produces Ritter's disease and occurs as a
late neonatal infection. The organism is acquired
in regular full-term nursery units during the short
time span of modern newborn care, apparently
from nursing personnel with nasal colonization
by this pathogen. The epidemiology and ecology
of this new neonatal staphylococcal pathogen is
similar to that of the phage type 80/81 of the late
1950snS.27

Perinatal Pathogens

Infections occurring during the first few days
to two weeks after birth evolve from contact with
potential pathogens in the cervicovaginal flora.
These bacteria, fungi and viruses are of maternal
origin and include Escherichia coli, group B beta
hemolytic streptococci, gonococci, Treponema
pallidum, Listeria monocytogenes, Bacteroides
species, Candida albicans, cytomegalovirus and
herpes simplex virus type 2. Prolonged rupture of
the amnionic membranes before birth intensifies
the risk of infant infection. The increase in sexual
promiscuity during the past decade has also in-
creased the incidence of perinatal infection. In
addition to gonococcal and luetic infection, vene-
real transmission has been shown to exist for
cytomegalovirus and the type 2 genital strain of
herpes simplex virus.28'29 As has been suggested,
prolonged gestation permits the nurturing of mi-
crobial replication and the reactivation of some
viruses.

The onset of perinatal infection, either very
soon after birth or seven to 14 days later, may
reflect the effect of differing inocula of these
cervicovaginal pathogens on the incubation period
of septic illness in infants.
An intriguing change in the pattern of patho-

gens has occurred during the past 20 years. The
group B beta hemolytic streptococcus, a well
recognized vaginal streptococcus and a rare cause
of sepsis in the newborn in the past, has become
a predominant pathogen in neonatal units through-
out the country.30 The incidence of group B beta
hemolytic streptococcal shedding in the vagina
may be as high as 30 percent in pregnant women.3'
The usual carrier rate for this organism in preg-
nant and nonpregnant women is approximately 5
to 10 percent, although Franciosi and colleagues32
have suggested that the possibly more virulent
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group B streptococcal types Ia, lb and Ic may
be substituted during late gestation for the ordi-
narily prevalent type 111.

Neonatal Pathogens
The organisms producing these late infections,

between three and six weeks after birth, arise pri-
marily from the environment of care within the
hospital or the home, although some of these in-
fections are caused by lingering pathogens of
earlier maternal origin. In our own experience
only a third of all infections during the first two
months of life occur during this later three to six
week period. The prominent pathogens include
Klebsiella, Aerobacter and Proteus species; Staph-
ylococcus aureus; phage type 80/81 and 71;
meningococci; Hemophilus influenzae; Pseudomo-
nas aeruginosa; Candida albicans; group B cox-
sackieviruses; echoviruses; influenza virus; para-
influenza viruses and respiratory syncytial virus.

The occasional meningococcal and Hemophilus
influenzae infections reflect the absence of trans-
placental maternal antibody in the sera of these
young infants. The increasing incidence of Hemo-
philus influenzae infection emphasizes the chang-
ing pattern of immunity in adults. In the 1930's,
90 percent of cord blood contained Hemophilus
influenzae bactericidal antibody, but in the 1970's
only 10 percent of cord blood contained anti-
body.'13 Analysis of peripheral blood samples from
mothers has revealed that only 25 percent contain
bactericidal antibody.3 Widespread antibiotic
therapy has apparently diminished the natural im-
munity of adults acquired by repeated unchecked
Hemophilus influenzae infections during the pre-
antibiotic era.

Pseudomonas infections are rare, fortunately,
as continued surveillance and eradication of the
nosocomial sources of this important water-bug
in isolettes, respirators and handwashing facilities
has curbed significant outbreaks within neonatal
units. Water bugs were an important and serious
cause of epidemic, nosocomial neonatal infection
in the early 1960's, with widespread contamina-
tion of standard equipment and plumbing coin-
ponents of routine full-term and preterm infant
care units.34-3 The rapid attack on this problem
with simple adaptation of improved housekeeping
techniques, better sanitation and more fastidious
decontamination of equipment proved successful
and timely, since neonatal intensive care units
were just beginning to develop.38

Candidal neonatal infections are on the rise as

a result of increasing implementation of parenteral
hyperalimentation with central venous catheters.39
We have seen several infants with widespread
visceral and embolic candidemic disease, all of
whom have responded satisfactorily to vigorous
amphotericin therapy.40 Clearly, these candidal
neonatal infections evolve as the cutaneous bar-
riers and natural resistance of the infant host are
altered. These fungi arise from the infant or the
immediate environment, although maternal vagi-
nal candidal organisms usually seed the gastro-
intestinal tract of infants at birth.
We seldom witness the form of perinatal group

B coxsackievirus infection which was described
in the earlier literature, heralded by maternal
symptoms at the time of parturition with subse-
quent fulminant illness in the infant.4' Frequently,
infants are admitted to special care units with the
onset of late neonatal coxsackievirus or echovirus
infection, characterized by unexplained fever or
overt aseptic meningitis. These viral infections are
usually benign, particularly in full-term infants,
and often misdiagnosed as obscure or partially
treated bacterial meningitis.42 If these infections
are examined by careful virologic techniques, we
suspect that they will comprise a substantial com-
ponent of late neonatal infection during the sum-
mer and fall months. These viruses may spread
within special infant care units as nosocomial in-
fections and although the afflicted host is often a
preterm infant the outcome is rarely fatal."12'43'44

Outbreaks of febrile acute respiratory illness
have occurred in preterm infant units caused by
adenoviruses,45 echoviruses,46 parainfluenza vi-
ruses,47 and respiratory syncytial virus.4R The dis-
semination of these respiratory virus infections
within preterm infant units may be far reaching,
since these infants are kept in these units for pro-
longed periods and the incubation-transmission
interval from one infant to another may be a rela-
tively brief three to seven days. Recently, an out-
break of influenza was observed in a newborn
nursery in Montreal, one of the few outbreaks
from this cause ever described.49
A unique, late neonatal Escherichia coli infec-

tion is the syndrome of bacteremia, pyelonephritis,
cholestatic hepatitis and direct hyperbilirubine-
mia. As mentioned before, this illness may be
confused with biliary atresia or neonatal hepatitis.
Perinatal Escherichia coli sepsis during the early
days of life may produce indirect hyperbiliru-
binemia.

Group B streptococcal infection may also ap-
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pear as a late neonatal infection.30 32'50'51 These
streptococci may represent persisting maternal
organisms acquired at birth, or possibly pathogens
newly acquired from colonized infant cohorts.3

Factors of Host Resistance

In our experience, a third of the cases of peri-
natal and neonatal septicemia occur in preterm
infants.7 This is a uniform observation throughout
the country and must be considered in the light of
the fact that only 10 percent of all births are pre-
term.5"; An explanation for this discrepancy may
be derived in part by examination of the various
facets of innate and adaptive resistance to bac-
terial, fungal and viral infection. Although there
is some disagreement,52'53 the polymorphonuclear
leukocyte of the preterm infant is intrinsically
capable of undertaking normal phagocytosis and
intracellular bacterial killing. Lower levels of anti-
body and complement in the serum of preterm
infants account for impaired leukocytic function
in vitro when the leukocyte and serum of preterm
infants are tested together.54-57 Defects do exist in
the chemotactic responses of newborn leuko-
cytes.58 So, there is a problem with the important
inflammatory response, but it is not known
whether there is a difference in this regard
between preterm and full-term infants. Lympho-
cyte or T-cell mediated cellular immunity, par-
ticularly important in the control of fungal and
viral infections, is no more diminished in preterm
than full-term infants.59-61 Levels of serum im-
munoglobulin G (IgG) and immunoglobulin M
(IgM) and opsonizing and neutralizing antibody
of maternal transplacental origin, are somewhat
lower in the preterm infant.55'57'62'63 However, the
ability of the low birth weight host to develop
antibody is sufficient and comparable to the full-
term infant.64-66 Dealing with bacterial infection,
IgG opsonins participate in the phagocytic killing
of Gram-positive organisms, while IgM antibodies
in concert with complement destroy Gram-nega-
tive organisms by lysis. IgM and, to a lesser ex-
tent, IgG antibodies also opsonize Gram-negative
bacilli for phagocytosis. As has been pointed out,
complement levels are lower in the preterm infant,
and complement seems to play the major role not
only in bacterial lysis and opsonization but also
polymorphonuclear leukocytic chemotaxis.57'58'67
Immature and preterm erythrocytes contain
lower levels of 2, 3-diphosphoglycerate and are

consequently less able to release oxygen to tis-

sues.68 Oxygen is vitally important in the key
metabolic steps prerequisite to successful intra-
leukocytic kill of bacteria in infected tissues.69

The poorly understood blood-brain barrier is
suspect in preterm infants and may be an im-
portant factor in the development of meningitis
with perinatal and neonatal bacteremia, intensi-
fying the seriousness of the sequelae of these in-
fections during early infancy.

Ecologic, environmental and nosocomial phe-
nomena may be considered strange bedfellows for
a discussion of host resistance to infection in pre-
term infants. However, preterm infants are the
most frequent recipients of umbilical catheters,
are most frequently exposed to the respiratory and
the toxic effect of oxygen on intrapulmonary
phagocytic and ciliary function, are most fre-
quently produced by pregnancies complicated by
prolonged rupture of membranes and are kept in
a hospital milieu-often an intensive care milieu
-for the longest periods of time. Preterm infants
are also the most frequent subjects of significant
surgical procedures, attended by prolonged anti-
biotic manipulation of microbial flora, intensive
violation of integument by parenteral therapeutic
ventures and drainage of cavitary operative sites.

Therapy

With the recent emergence of group B beta
hemolytic streptococcal perinatal and neonatal in-
fection, some clinics have substituted penicillin
for ampicillin as the antimicrobial agent directed
at Gram-postive pathogens.70 Continued study of
group B streptococcal infection throughout the
country suggests that there is no significant differ-
ence in the therapeutic efficacy of either antibi-
otic.50'7 Kanamycin has been the usual accom-
panying antibiotic in the management of perinatal
and neonatal sepsis, targeted for the Gram-nega-
tive spectrum of the common pathogens.

Recently, there has been some unrest about
kanamycin in some sections of the country be-
cause of the gradual emergence of kanamycin-re-
sistant Escherichia coli during the past 10 years.72
McCracken72 has reported that 1 to 10 percent of
blood culture isolates in his clinic were resistant
to kanamycin from 1963 to 1967, whereas from
1970 to 1971, 30 percent of such isolates were
resistant. A survey of seven other neonatal units
throughout the country disclosed that 20 to 30 per-
cent of Escherichia coli were resistant to kanamy-
cin and ampicillin. Only 5 percent of Escherichia
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coli were resistant to gentamicin and polymyxin
B. However, other neonatal care centers report
continued susceptibility of the majority of coli-
form and other Gram-negative pathogens to kana-
mycin. 3 The practical conclusion which may be
derived from these observations is that personnel
in each neonatal unit must continue to examine
the antimicrobial susceptibility of the pathogens
recovered from its patients.
We have been concerned about the diffusion

of kanamycin into the cerebrospinal fluid. 4 Al-
though the data of Eichenwald75 document ade-
quate levels of kanamycin in the spinal fluid of
infants with meningitis, our pharmacologic studies
indicated that its levels in spinal fluid may be
inadequate to eradicate Gram-negative pathogens.
The substitution of gentamicin for kanamycin
must be conducted usually with intrathecal admin-
istration if one is dealing with meningitis, since
the spinal fluid concentration of gentarnicin is
quite low following parenteral therapy. The same
pharmacologic principle obtains if polymyxin B
is used to treat resistant Gram-negative organisms.

Our usual therapeutic strategy for apparent
perinatal and neonatal sepsis involves the use of
ampicillin and kanamycin after the procurement
of blood, urine and spinal fluid cultures. If the
spinal fluid is grossly purulent, intrathecal genta-
micin or polymyxin is administered at the time
of the initial lumbar puncture. Also, if the spinal
fluid is visibly infected at the outset, we repeat the
lumbar puncture 24 hours after the initiation of
antimicrobial treatment to determine whether the
pathogens have been eradicated from the spinal
fluid. We consider this maneuver an in vivo anti-
biotic sensitivity test. If pathogens persist in the
spinal fluid we begin or continue intrathecal
therapy, or modify antibiotic selection after identi-
fying the pathogen and carrying out quantitative
disc sensitivity tests.

McCracken20 has recently summarized a reveal-
ing experience with bacterial meningitis in new-
born and young infants. His observations in Dallas
spanned 1966 to 1971 and included 38 infants,
21 percent of whom were preterm infants. The
mortality rate was low, 19 percent, but the mor-
bidity data were very provocative, relating quite
clearly to the type of pathogen and the immediate
therapeutic response. Antimicrobial treatment
consisted of parenteral administration of ampi-
cillin or penicillin combined with kanamycin or
gentamicin. Almost a third of the patients were
also treated with intrathecal or intraventricular

administration of polymyxin B, kanamycin or
gentamicin. Gram-positive pathogens, largely
group B streptococci, were promptly eradicated
from the spinal fluid and 50 percent of the infants
so treated were neurologically normal at 2 to 3
years of age. Gram-negative pathogens, primarily
Escherichia coli and Klebsiella species, were very
slowly cleared from the spinal fluid, the organisms
persisting in the spinal fluid for as long as one
week, and only 10 percent of these infants were
free of neurologic sequelae at 2 to 3 years of age.

Other speculative but untested components of
therapy include gamma globulin, a source of IgG
opsonins, and fresh adult whole blood transfusion
which provides more suitable levels of erythrocyte
2, 3-diphosphoglycerate plus IgM lytic opsonins
and complement. Doppler techniques and intra-
aortic direct measurement of blood pressure offer
superior methods for the detection of shock in
perinatal and neonatal infection. The supplemen-
tation of routine antibiotic therapy with the
physiologic control of shock, acidosis and hypo-
glycemia may offer the ultimate solution for not
only the residual mortality but also the intractable,
serious neurologic morbidity. Colloid, isoprotere-
nol and enormous vasoactive doses of hydrocor-
tisone should be explored more vigorously for
their contribution to the management of these
serious infections. Sodium bicarbonate and
parenteral administration of glucose are standard
therapeutic modalities in infant special care units
and must be considered in the management of in-
fectious illness also.7677

Disseminated intravascular coagulation occa-
sionally complicates infection in young infants
and intravenous heparin may offer helpful treat-
ment-although the titration of anticoagulation
may be delicate. The use of heparinized whole
blood for other purposes as discussed above may
also suffice to control moderate intravascular
coagulopathy. Intravascular coagulopathy can be
distinguished from the hemorrhagic disorder of
profound hepatic dysfunction by the assay of
factor VIII (AHG), which is decreased with intra-
vascular coagulopathy and normal with liver dis-
ease.

Staphylococcal infection, more commonly now
Ritter's disease produced by phage type 71 orga-
nisms, may be treated with uniform success with
parenteral methicillin. As mentioned above, we
have found amphotericin therapy of systemic
candidal infection, including occasional intrathecal
treatment, to be successful and free of therapeutic
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complications.40 We have gained some experience
with parenteral and intrathecal treatment of sys-
temic perinatal herpes simplex type 2 virus infec-
tion with cytosine arabinoside.78 Infants have sur-
vived with and without such therapy and so we
can draw no conclusion regarding the efficacy of
systemic antiviral chemotherapy. Frankly, with a
few exceptions, the experience throughout the
country does not offer a great deal of optimism
concerning chemotherapy of perinatal herpes
simplex virus or cytomegalovirus infection with
cytosine arabinoside, adenine arabinoside and 5-
fluoro or 5-iodo-2-deoxyruidine.79-84
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